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ABSR4CT 

Following the launch of the Earth Observing System (EOS) 
satellite platform, daily, global snow-cover mapping will be 
performed automatically at a spatial resolution of 500 m 
using Moderate Resolution Imaging Spectroradiometer 
(MODIS) data. In order to estimate the accuracy of the 
MODIS snow maps, the Northern Hemisphere was divided 
into 7 land-cover classes and water, and expected errors in 
mapping snow were calculated for each of the 7 classes using 
the average monthly snowline position. The errors are found 
primarily in land covers composed of forests. Maximum 
monthly snow-mapping errors are expected to range from 5 - 
9% for North America, and from 5 - 10% for Eurasia. The 
largest errors are expected when snow coverage in the Boreal 
Forest is greatest The maximum aggregated snow-mapping 
mar for the Northern Hemisphere is expected to be about 
7.5%. Emr estimates will be retied a&r the fht 111 year 
that MODIS data are available. 

INTRODUCTION AND BACKGROUND 

‘Ibe Earth Observing System (EOS) satellite platform is 
planned to be launched in the summer of 1998. Daily, global 
snow- and ice-cover mapping will be performed 
automatically at a spatial resohtion of 500 m using EOS 
Moderate Resolution Imaging Spectroradiometer (MODIS) 
data [l-3]. The accuracy of the at-launch algorithms will be 
assessed, and in addition, the accuracy of the resulting snow- 
cover maps will be assessed through comparisons with other 
snow maps and from ground and a&raft measurem eras. The 
accuracy of snow-cover mapping will depend on land-cover 
type, sensor parameters and the algorithm employed. The 
greatest uncertainty in snow-cover mapping accuracy using 
the MODIS at-launch algorithm is expected to be found in 
the Earth’s forested legions [4]. 

The MODIS at-launch snow-cover maps will be used, 
along with other data, by hydrological modelers in order to 
make predictions of water supply and flooding, and by 
general circulation modelers and climatologists to study the 
Earth’s energy balance and climate. Errors in snow-cover 
mapping must be quantified because they will contribute to 
errors in model output 

METHODOLOGY 

Using the EROS Data Center (EDC) land-cover maps of 
North America and Eurasia [5], we have classified the 
Earth’s land surface into 7 different classes as follows: fores4 
mixed agriculture and forest, barren/sparsely vegetated, 
tundra, grassland/shmblands, wetlands and snow/ice. Snow- 
mapping errors, derived using MODIS prototype algorithms, 
for most of the 7 classes were determined f?om previous 
field, aircraft and satellite studies. The average monthly 
snowline positions were obtained from the NOAA National 
Enviromnental Satellite, Data and Information Service 
(NESDIS) [6,7] (for example, see Fig. I). The snowline 
positions were registered to land-cover maps and the percent 
of each of the 7 land covers north of the continental snowline 
was calculated monthly for North America and Eurasia. 
Using the information on snowline position and snow- 
mapping error estimates in the various land covers, 
hemispheric snow-mapping errors were. calculated by making 
the assumption that the errors are uniform within each class. 
While this is not an entirely valid assumption, it allows us to 
make a preliminary estimate. of global snow-cover mapping 
accuracy. 

RESULTS AND DISCUSSION 

Of all the land-cover classes, it is most diffkult to map 
snow in forests. The land cover that we call forests is 
composed of both coniferous and deciduous forests. 
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Extensive coniferous and deciduous forests, called the Boreal 
Forest, encircle North America and Eurasia. Coniferous, 
deciduous and mixed forests are also extensive in the eastern 
part of the United States and in central Europe. 

Estimating snow-mapping errors is also most difficult in 
forests, and the resulting errors are the most variable of the 7 
classes. This is because forests partially or completely 
conceal the underlying snow cover. 

Snow-cover measurements using Landsat Thematic 
Mapper (TM) and MODIS Airborne Simulator (MAS) data 
over forests in southern Saskatchewan and Alaska have 
revealed highly variable accuracies in snow mapping when 
the ground is continuously snow covered. Using the MODIS 
prototype snow-mapping algorithms, errors ranged f?om 
nearly 0 to 43%, the larger errors attributable to denser 
forests [2,8]. However, the errors in forests are generally 
<loo/o [2]. We assume an additional 5% error due to the 
combined effect of mixed-pixel effects at the boundaries of 
the forested areas, and possible errors resulting from 
measuring snowcover during the snowmelt period. We have 
not studied snow-mapping errors over partiahy snow-covered 
lands. We estimate that the maxim= error in mapping snow 
in forests, globally, will average 15%. 

The mixed agriculture and forest cover tends to be found 
in the central and eastern United States and over extensive 
areas of northwestern Eurasia north of the snowline. Using 
our TM prototype algorithm we measure snow with nearly 
100% accuracy in agricultural areas, and 90% accuracy in 
forests (see previous discussion), so the error in the mixed 
agriculture and forest areas is estimated to be 5% (assuming 
an equal contriiution from agriculture and forest), plus 5% 
error to account for the combined effect of mixed-pixel 
effects and errors under patchy snow conditions, for a total 
estimated error of 10% for the mixed agricultural and forest 
areas. 

To the following five classes - barren/sparsely vegetated, 
tunch-a, grasslandkhrubland, wetlands and snow/ice - field, 
aircraft and/or satellite me asurements reveal negligible errors 
in snow mapping using the TM and MAS MODIS prototype 
snow-mapping algorithms. Thus for these areas, described 
below, we assign a minimm error of 5% to account for 
possible errors due to mixed-pixel effects and/or snow- 
mapping errors during patchy snow conditions. 

The greatest errors in snow mapping can be expected from 
about November through April (9-10%) as shown in Table 2. 
It is at these times that snow covers most or all of the boreal 
forests and many of the forests located in the mid-continent 
regions. The maximum aggregated snow-mapping error for 
the Northern Hemisphere is expected to be about 7.5%. 

Table 1. Derived preliminary maximlml snow-mapping 
errors according to land-cover type. 

Land-Cover Type Error (%) 

Forests 
Mixed agriculture and forest 
Barren/sparsely-vegetated 
Tundra 
Grasslandkh.rubland 
Wetlands 
Snow/ice 

15 
10 
5 
5 
5 
5 
5 

Table 2. Maximum expected prehminary errors (in %), by 
month in Northern Hemisphere snow mapping using 
EOSMODIS data. 

Month North America Eurasia 

January 

February 
March 

April 
May 
June 

JOY 
August 

oiober 
November 
December 

9 9 
9 9 
9 10 
9 10 
6 8 
5 6 
5 5 
5 5 
5 5 
6 7 
9 8 
9 8 

CONCLUSION 

The maximum expected MODIS snow-mapping errors 
for 7 land-cover types range from 5% for barrenkparsely- 
vegetated lands, tundra, grasslandkhrubland, wetlands, and 
permauent snow/ice, to 15% for forests. These errors were 
used to estimate the expected maximum monthly and ammal 
errors in Northern Hemisphere snow mapping using the 
MODIS at-launch algorithm. The error is expected to be 
highest when snow covers the Boreal Forest, roughly 
between November and April. The maximum, aggregated 
Northern Hemisphere snow-mapping error is expected to be 
about 7.5%. Errors will be refined after we acquire the first 
year of MODIS global snow-cover data, and are expected to 
be less than the prehminary errors. 
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Fig. 1. The black line across the continent represents the average snowline for January as determined from NOAANESDIS 
maps of North America. Seven classes of land cover north of the continental snowline are also shown, as derived from EDC. 

A color version of this figure may be found on the MODIS Snow/Ice Project home page 
(http://ltpwww.gsfc.nasa.gov/MODIS-Snow/modis.html) under “recent relevant publications.” 
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